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ABSTRACT

In July of 1997 the Federa Reference Method (FRM) for PM,, 5 was promulgated to provide a
measurement system for monitoring as part of the new form of the fine particulate matter (PM)
gandard. In order to ensure the quality of the resultant concentration data, a number of quality control
requirements for field and laboratory activities were developed in the Code of Federal Regulations
(Parts 50, 53 and 58) and in various guidance documents (e.g. Guidance Document 2.12). The
requirements and guidance were developed to ensure a consistent gpproach to data collection activities
and to provide data of adequate quality to support the decison making process. During the first year of
PM,, s monitoring, the State, Local and Triba monitoring agencies identified the requirement to collect
samples within 96 hours of the end of the sample period as burdensome with an undetermined amount
of vaue for ensuring the qudity of the data. A workgroup of stakeholders agreed to conduct a study
designed to determine whether filters recovered 7 days after the end of the sample period meet the
precision and bias data quality objectives (DQOs) of the PM, s FRM measurement system. The study
wasinitialy performed in Research Triangle Park, North Carolinaand replicated in 5 other locations
around the nation to provide spatia representation. Precision and bias data from al sudy sites met the
DQOs leading to the concluson that extending the filter retrieva period did not significantly affect deta

qudity.
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INTRODUCTION

The reference method for the determination of fine particulate matter as PM,, 5 in the amosphere is
defined by regulation in Appendix L of 40 CFR Part 50. Within the reference method there are many
requirements for laboratory and fied data collection activities, one of which is the time alowed for the
recovery of a sample once sampling is completed. Section 10.10 of Appendix L states. “Within 96
hours of the end of the sample period, thefilter, while still contained in the filter cassette, shdl be
carefully removed from the sampler,...” The mass on afilter left inaPM, s FRM sampler after the end
of the sample period can change due to anumber of factorsthat may result in increase and/or lossesin
filter mass. Contamination can occur asfilters are not perfectly protected from fugitive dust or agrosols.
The mass on afilter can increase due to adsorption or decrease due to volatilization of gases and/or
vapors from the particles on the filter.

During meetings to discuss the implementation of the PM., s monitoring, the filter recovery requirement
of 96 hours was identified as one of the top resource burdens to implementing the network and a
burden for which an undetermined amount of vaue might be gained. From a monitoring agency’s
perspective, the 96-hour retrieval requirement means each sampler must be visited nearly two times per
week If the sample collection period could be increased from 96 hours (4 days) to 168 hours (7
days), each sampler could be vidted once per week, which trandatesinto a sgnificant decrease in
burden on the monitoring agencies.

In order to determine whether extending the filter recovery period affects the quality of the data, a
study was designed to answer the question: Does a sample collected up to 7 days after the end of a
sample period meet the data quality objectives (DQOs) of the PM, s FRM measurement sysem? The
DQOs for the PM,, s Network are 10% precison (measured as a coefficient of variation) and + 10%
bias. Precison is estimated using collocated monitors of like method designation. Since PM, s isa
manua method and there are presently no known performance evauation samples or standards, biasis
edimated using the Performance Evauation Program (PEP). The PEP program isimplemented
nationaly using certified fiedd scientistss who set up an FRM monitor a a routine monitoring Site, collect
asample and send this sample to one of two independent PEP laboratories. Biasis determined by
comparing the routine and PEP vdlues. More information on the PEP (Implementation Plan, SOPS and
QA Project Plan) can be found on the AMTIC PM,, ; website
(http:/Amww.epagov/tt/amtic/pmaainf.html).

This report describes the study design and the results that will help to determine whether extending the
sampleretrieva period will meet the current PM, s DQOs and therefore produce data of acceptable

qudity.
STATEMENT OF PROBLEM
The PM, s mass DQOs have the god that the bias be between -10% and +10% and that precison be

lessthan 10%. Biasis estimated using percent difference; precision is caculated using the coefficient of
vaiation (CV). If we can show that retrieving a sample after 7 days does not result in aviolation of the
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bias and CV DQOs, then it would be reasonable to dlow the retrieval time to be increased to 7 days.
Evaduating any violation of the DQOs will require the estimation of the bias and precison Estimation of
the CV will require multiple samplers of smilar method designation (as defined in CFR) and estimation
of bias will require comparison to PEP samplers (as defined in CFR). Although the study seeksto
determine whether a sample that was 7 days old in asampler does not result in aviolation of the bias
and CV DQOs, it should be noted that thisis a conservative test of the question. The reason for thisis
that samples that are 7 days old represent the maximum exposure time in a sequentid sampler (most
common type in current PM,, 5 network). Whether on the one-in-three day or daily sample schedule,
some samples would be up to 7 days old while others would be afew days old. Therefore, while the
sudy examines whether asample up to 7 days old still meets the DQO’sfor CV and bias, if rdief is
granted and implemented, most filters would Hill fal into the existing criteria for sample recovery (4 out
of 7 filtersfor daily sampling, and 2 out of 3 filtersfor the one in three day sampling).

STUDY DESIGN

This section describes the rationde for the study duration, location of the sampling platforms, the
sample design for each platform and the data eval uation techniques.

Study Duration:

The study was designed to collect datafor an entire year in order to make a decison that the DQOs
are met, athough it may be possible to prove that the DQOs are violated with lessdata. Reasons for
collecting ayear’sworth of dataincluded capturing:

< seasond differences due to meteorological factors of temperature and humidity

< differences on the chemica compostion on thefilter (large percentage of nitrate and organics
vs. non-volatiles)

< the spectrum of operating conditions

Number of Samples:

Each platform that participated in the study should have at least 20 sampling events for the year with a
god of 5in each quarter. More information would improve the confidence in the results.

Sample L ocations:

It was astudy objective to locate sampling platforms in parts of the country that were likely to
experience different meteorology and be exposed to areas with varying chemical composition. For the
intercomparison study for the PM,, 5 speciation samplers, the locations identified to represent the
gpectrum of chemical composition were Rubidoux, CA (very high nitrate, moderate organic materid,
and low sulfate and crustd materid), Philadephia, PA (high sulfate and organic materid but low
nitrate), Phoenix, AZ (high crustal materid and strong nitrate and organic materia component), and
Research Triangle Park, NC (long-term Site at lower concentration range). The second phase of the
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intercomparison study was to include Utah or Washington state to sample under conditions with high
wood smoke emissions, and/or Atlanta to sample under conditions with high biogenic carbon emissons.
Thus the locations for this study should minimally be in CA, the northeaest, the arid southwes,
Washington/UtahVIdaho, and the Atlanta area.

OAQPS asked for volunteers from the State, Loca and Tribal organizations to participate in this study.
Table 1 provides alisting of the organizations participating in the sudy and the sampling equipment
used. Itisfdt that the study Stes provided adequate coverage of varying meteorologica and
compositiond differences.

Design for Each Sampling Platform:

This section describes what equipment should be on each platform (dte) that participated in this study,
how the equipment should be operated, and how the filters should be handled. Figure 1 provides atime
line of the sampling events.

(1) At each monitoring platform, place two 48-hour samplers (48-hour sample retrieva period) and
three 177-hour samplers (177-hour retrieva) that are of the same method designation to ensure the
collection of at least one 48-hour sample and two 177-hour sample vaues for aparticular day. All
of the samplers must be operated on the same days for the sudy.

(2) Operate each 48-hour sampler and handle each filter used in the 48-hour samplers exactly like they
are being used to perform an evauation of one of the monitorsin the primary PM,, 5 network, that
is, according to the PEP QA Project Plan (QAPP). This means that the samplers are verified for
each sample run (one-point checks) and that the Labs in Region 4 or 10 are pre- and post-
weighing the filters. The 48-hour filters should be retrieved within the time adlowed in the PEP
QAPP, meaning within 48 hours after sample collection.

(3) Operate each 177-hour sampler and handle each filter used in the 177-hour samplers exactly like
they are part of the primary PM,, 5 network, that is, according to the state€' s QAPP. This means
that the monitors are operated by the people identified in the state' s QAPP and thefilters are pre-
and post-weighed by the lab identified in the state' s QAPP. The 177-hour filters should be
retrieved at about 177-hours (~9 am on the 8" day).

(4) For aday’sdatato be used in this experiment, a least one of the 48-hour monitors must have a
sample that meets dl of the PEP vaidation criteriaand at least two of the 177-hour monitors must
have samples that meet dl of the 177-hour vdideation criteria Days that meet this requirement will
be called sampling events.
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Tablel. Filter Extension Study L ocation, Contact(s) and M onitoring Equipment

State/ Site | Contact(s) and Organization 48 hr. sampleretrieval 177 hr. sampleretrieval
CA Rene Bermudez & Rudy Eden Andersen Portable (2) Andersen Sequentia (2)
Rubidoux South Coast AQMD
GA Herb Barden & Greg Noah BGI Portables (2) R & P Single (3)
Athens EPA Region 4 Andersen Single (2)
ME Andy Johnson & Rick Marriner Andersen Portable (2) R & PSingle (1)
Augusta Maine Dept. of Environmental Protection R & P Portable (1)
NC Tim Hanley & Nealson Watkins Andersen Single Channdl (2) BGI Single Channdl (1)
RTP EPA OAQPS BGI Single Channel (2) Andersen Sequentia (3)
R&P Single Channel (2) R & P Sequentia (2)
TX Ed Michel Andersen Portables (2) R & P Sequentid (3)
Austin Texas Natural Resource Commission
WA Bob Franks Andersen Portables (2) R & P Sequentid (3)
Sesttle Puget Sound Clean Air Agency
Day-2 Day-l1 DayO Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8
| I
Set-up Sample
Sample Day(s) 24 hour
Isample #1]

Performance Evaluation
recovery period (48 hours)

48 hour
recovery period
I

FRM recovery period
(96 hours)

Experimental recovery
period (168 hours)

Current allowable period for FRM recover

Recovery of experimental
sample (~177 hours)

Figure 1 Study retrieval periods.

Data Evaluation

Each method designation will be andyzed separately. The analysis will be comprised of a couple of
geps. First it will be determined whether the 177-hour samplers and the 48-hour samplers are
generating data that are sufficiently consstent. If both the 177-hour samplers and the 48-hour samplers
are sufficiently consstent, then ameasure of bias between the insruments will be estimated. For the
ambient air monitoring program, precision and bias comparisons are not performed if any concentration
vaue for asampling event is below 6 pg/m?.  For this study some of the evauaions will include values
less than 6 pug/m?, however, find results and conclusions will be made from the data set containing
sampling events in which al concentrations were grester than 6 pg/n?.
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Three ep andyss.

(1) Determine whether thereplicate 177-hour samplersare producing resultsthat are
consistent. To do this, we estimated the CV for each day and aggregated the estimates for dl
observations collected a a given dte. The formula (equation 1) to estimate the squared coefficient
of varidion for gtei is

éos , U

é > U
n éa (Xitr - Xit) (s- U )

218 ar=t Q Equation 1

o7 =ad : E 62 (

t=1 o . ,

? ‘éa Xitr /S':- u

8 r=1 o il

Heurigticaly, this estimator is the average squared coefficient of variaion, where the averageis
taken over the n sampling periods. The coefficient of variaion for each sampling period (what is
indgde the square brackets) is estimated by the sample standard deviation of the s samplers divided
by the sample mean of the s samplers.

(2) Determine whether thereplicate 48-hour samplersare producing resultsthat are
consistent. To do this, we estimated the CV for each day and aggregated these estimations for al
observations collected a a given Site. Since there are only 2 48-hour samplers, the formula above
can be smplified and the smplified form matches that in 40 CFR Part 58 Appendix A, Equation
21. Specificaly, the smplified formula (equetion 2) is:

. 2
cV.2 = ;én Xit - XitZ)/“/Eg Equation 2.
] -n

¢
=18 (Xit1+ xit2)/2 b

Note that Sgnificantly large estimates of coefficient of variation can be dueto (1) the instruments
producing concentrations that are highly variable, (2) one instrument being consistently higher or lower
than the other(s), or (3) acombination of thetwo. That is, the CV estimate includes precison and
relative bias between the two instruments..

(3) Determinewhether thereisa unacceptable percent difference between the concentrations
produced by the 177-hour samplersand the 48-hour samplers. We compared the average
concentration from the 177-hour samplers to the average concentration from the 48-hour samplers.
Thiswill be performed using equation 26 and 27 from 40 CFR Part 58 Appendix A. Equation 26
caculates the accuracy of asingle check. Of specid noteisthat the 48-hour samplers are
represented by X; and therefore only the 48-hour samplers are used in the denominator since they
are the basdine of the comparison. Equetion 26 is.

Draft 02/13/02 Page-6



d, = A ;(Xt " 100% Equation 26
t

Where'Y, isthe 177-hour average concentration and X; is the 48-hour concentration vaue for day t.

Once each of theindividuad checks are known the average of the individua percentages during the
sudy for Sitei can be caculated by equation 27. Equation 27 is.

D, =13 d Equation 27

t=1
STUDY IMPLEMENTATION

The study was implemented in two phases. In August of 1999, OAQPS implemented the study at the
Research Triangle Park Air Training Fecility (ATF) platform. Since the ATF had a number FRM
samplers, it was cost efficient to Start the sudy at one Site and if the data proved promising, to
implement the study & the remaining monitoring sites. By April of 2000 the sudy participants fdlt the
ATF datalooked promising and started the process of acquiring the necessary monitors at the Sites
identified in Table 1. Monitors were loaned and borrowed from various monitoring organizations and
the PEP program to make up the compliment of monitors shown in

Table 1.

The design for each sampling platform called for:

< Two 48-hour monitorsand three 177 hour monitor sto ensure that we would have at least
one 48-hour sampler and two 177-hour sampler to make up a sampling event. Thiswas
accomplished for four out of the six study Sites. The study was not able to provide athird 177-
hour monitor to the CA and ME participants.

< Operatethe 48-Hour samplerssmilar to PEP QAPP and the 177-Hour samplers
similar to the State QAPP. Thiswas accomplished with the 48-hour filters being pre-
weighed and post weighed by one of the two nationa PEP laboratories and implementing the
PEP samplers as cdled for in the PEP QAPP. The only deviation dlowed in the PEP QAPP
was the frequency of the one point verifications (flow rate, temperature, barometric pressure).
The PEP QAPP cdlsfor these verifications to be performed at every sampling, due to the fact
that the portable PEP samplers are normally set up, taken down and transported after every
sampling event. In the case of the Filter Extension Study, the portable samplers were
permanently set up at the sudy stes and therefore the verifications were performed based upon
the States QA PP requirements.

< A valid sampling event of onevalid 48-hour value and two valid 177-hour values. In
generd, thiswas met, but is discussed in more detall in the results section.
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Sampling at the participant monitoring Sites got underway a somewhat different time periods, based on
arriva of equipment, and time to become familiar on FRM equipment that were different from the FRM
equipment the volunteer organizations operated. Table 2 provides the sampling start and end dates and
the various concentration ranges collected during the study period.

Table2. Study Initiation/Completion

Concentration Ranges(ug/md)
State/Site Start Date End Date 48-Hour Values
~5% Conc. Mean ~95% Conc
CA/ Rubidoux | 11/05/00 12/09/01 9.47 32.26 65.69
GA /Athens 07/17/00 10/23/01 7.60 18.84 30.16
ME/Augusta 09/03/00 09/19/01 6.38 14.02 20.94
NC/RTP 08/28/99 08/23/00 6.75 14.51 26.85
TX/Austin 10/31/00 10/02/01 6.75 13.23 20.25
WA /Sesttle 08/08/00 08/21/01 7.36 17.27 40.9
RESULTS

This section discusses the study data in relation to the achievement of the completeness, precision and
bias data quaity objectives. As mentioned earlier, precision and bias estimates are usualy not made on
sample events where concentrations below 6 pg/m? are reported. Some of the results for this study will
be reported with and without data from sample day/sites with concentration vaues less than 6 pg/ne.
However, finad conclusionswill be drawn from estimates with values less than 6 pug/n removed.

A 177-hour sample concentration value of 6.17 pg/m? from the CA study site was removed from the
database. 48-hour vaues for this sampling date were 24.09 and 23.42 pg/nt and the remaining 177-
hour value was 22.96 pug/nt. This one outlier changed the 177-hour precision estimate from 6.88 to
17.88 and would aso have had an effect on the bias estimates for the sampling date and the study Site
average. In addition, for the entire data set, there were no 48 and 177-hour concentrations with a
difference of greater than 5.25 ug/ne. Although there was no information available to invdidate this
sample, the corroborating information from the other 3 concentration vaues led the authors to conclude
the sample concentration was an anomaly and removed it from the evauation.

Sampling Event Completeness

A sampling event was defined as a day where one vaid 48-hour sample and two valid 177-hour
samples are collected. The study design had the objective of collecting 20 vaid sampling events for
each sudy ste with adistribution of 5 per quarter. Table 3 provides the completeness results for each
study Ste based on the definition of a sampling event. The vaues in parentheses in some of the
quarterly results represent the number of days where therewas only 1 valid 177-hour sample retrieva
data point to compare with the 48-hour sample retrieva datapoint. The last column of Table 3
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represents the number of days from each study ste where there are at least one vaid data point for
both 48 and 177-hour sample retrieval times. Although the information is not reported, there were a
number of days where either the 48-hour or 177-hour samples where determined to be invaid which
reduced the completeness for that study Ste for the bias estimate. However, precision data for these
incomplete sampling events could be used.  Since the sampling end dates for the study occurred in
either the 3 or 4™ quarters (see Table 2) there was no possibility for additional sampling in incomplete
quarters without extending the study into 2002.

Due to the voluntary nature of the study, the time frame for decison making, and areview of the
results, the study participants did not fed it necessary to delay data evauation for the collection of
additional samples. Since there were two Sitesthat did not have the advantage of athird 177-hour
monitor, the data represented in the last column will be used in subsequent precision or bias
evaduations. With the exception of Texas, the sudy stes did collect 20 or more samples and 63% of the
quarters had 5 or more vaid samples.

Table 3. Filter Extension Study Site Completeness Statistics.

Study Site Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total Total Valid
(Jan-Mar) (Apr-June) (Jul-Sept) (Oct-Dec) (Initial SDY) 48/177hour

CA/ Rubidoux 0(2 6(4) 7(1) 12 (2) 25 34

GA /Athens 4 6 11 8 29 29

ME/Augusta 2(3) 5(1) 6 4(3) 17 24

NC/RTP 3() 7 14 (1) 4 28 30

TX/Austin 4(1) 3 1 5 13 14

WA /Sesttle 5 6 (2 11 8(3) 30 35

1 =Based on study design requiring 2, 177-hour sample pairs per sampling event.
Precision

Figure 2 provides asummary of the precison estimates of the 48-hour and 177-hour retrieva times.
The varidbles listed as “48 Hour-6" and “ 177 Hour-6" refer to sampling events where dl the sample
concentrations were above 6 pug/n?. In addition, the State collocated precision estimates that are
reported in the CY 2000 PM, s QA Report are aso provided as a comparison. The NC and GA sites
do not have these va ues reported because they were operated by EPA and were not part of a state
monitoring network. Figure 2 aso provides national precision estimates (variables CY 99 and CY 00)
asreported in the CY 1999 and CY 2000 PM,, s QA Reports respectively. The CY 1999 and 2000
results and the State-CY 00 results are derived from samples that where retrieved anywhere from 8 to
96 hours and are provided for comparison purposes only. Precison estimates for the study Stesare
aso summarized in Table 4.

The dtatistics used to estimate precison can be affected by the number of samples and low
concentrations. One or two “reatively large’ imprecison vaues can have a sgnificant effect on
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Figure 2. Filter Extension Study precision results

precison. Inaddition, Stesor sampleswith low concentrations have atendency for grester
imprecision since asmal absolute difference in asample pair can produce large coefficients of variation,
especidly when the coefficient of variation is squared (using equation 1 above). Two pairs of vaues
sgnificantly affected the precison vaues for the NC and ME Sites.

< Onepair (8.27 and 3.04 ug/m?®) changed the 177-hour NC site mean precision estimate from
6.04% (w/o pair) to 13.59 % (with pair). Since the other sample concentrations at this Site on this
sample date were below 6 pg/n?, the precision estimate for the “ 177-hour-6" sample estimate did
not include this high CV and therefore did not effect the mean.

< Onelow concentration pair (2.83 and 4.17 pg/m® ) changed the ME 48 hour precision estimate
from 6.16% (w/o pair) to 9.18 % (with pair). Since both sample pairs were below 6 pg/n?, the
precison estimate for the “48 hour-6" sample estimate did not include thishigh CV.

In most cases, using samples with concentrations less than 6 pug/m?® hed very little effect on the overal
precision estimate (with the exception of ME and NC). Figures 3 and 4 provide box and whisker plots
of the 48-hour and 177-hour precison estimates Stratified by study site. The plots provide median
(middle line), mean(+), 25" and 75" percentiles (top and bottom of box), and the 5 and 95" percent
of the data (end of whisker). The resultsin the two figures do not use any sampling events where vaues
were < 6 ug/ne.
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Study Sites
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Figure 3. Box and whisker plots of the 48-hour precision estimates.
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Figure 4. Box and whisker plots of the 177-hour precision estimates.

Thereaultsin Figures3 and 4
provide dightly lower estimates
of mean precison by study ste
than are reported in Table 4
because the resultsin the
figures are not squared as
described in equation 1 above.
However, the figures can be
used to illudtrate the
repeatability within and
between study sites and filter
recovery periods.

In generd, the precison results
are comparable to the State
CY 2000 precision results (see
Table4). Since the nationd
precison estimates are
generated by firgt removing dl
sample pairs with vaues less
than 6 pug/m?, comparing both
years (99 and 2000) against the
study data that removesthe
vaues less than 6 pg/m?
illugratesthat most of the
sudy Sites precision estimates
were comparable or better than
the nationa averages and the
overdl study mean precison
edimates for both sample
retrieva periods are below the
overdl nationa precison results

reported in the CY 1999 and CY 2000 PM,, s QA Reports. Figure 5 provide a cumulative digtribution
summary of the precison CV results for al the sudy sites which indicate that over 90% of dl the

precision estimates met the 10% CV DQO god.
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It was concluded that both the 48-hour samplers and the 177-hour samplers achieved the precision
DQO gods and were congstent within and between Sites so that bias between the two sample retrieva
times could be evauated.

Table 4. Precision Results

Org 48 Hour CV 48 Hour CV -6 177-hour CV 177-hour CV - 6 CY99/00
/In /n /In /n QA Report

CA 5.39/38 5.54/ 35 6.88/ 26 7.19/23 -/6.1

GA 454125 453/23 3.84/29 352/26 —/--

ME 9.18/17 6.52/11 6.24/18 4.02/12 -/5.0

NC 7.21/30 7.43/28 13.59/ 28 6.18/ 26 —/--

TX 6.33/14 5.95/13 3.94/13 4.09/13 -/6.5

WA 5.25/28 524121 3.77/ 30 352/23 -/36

Totds 6.20/ 152 5.92/131 753/ 144 5.08/123 9.1/6.7

48-Hour CVs . 177-Hour CVs
++
S 4+ ; + ot
’ . "
; 10 ! (u H
Over 90% of CVs Within Precision DQO -f""; 5 ~ 95% of CVs Within Precision DQO M#
¥
o T = I+ LA * T T T T T T T T T 0 i i + H
T T T T T T T T T T T
1 1 5 10 25 50 75 90 95 99 99.9 1 1 5 10 25 50 75 90 95 99 29.9
Normal Percentiles Normal Percentiles

Figure5. Cunulative distribution frequencies of the 48-hour and 177-hour coeiffients of variation (CV)
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Bias Results

Biasisevauated at each sudy Ste aswell as aggregated. Table 5 and Figure 6 provide a summary of

the bias estimates by study dte. In addition, the State bias estimates that are reported in the CY 2000

PM,, s QA Report are dso provided as a comparison. The NC and GA sites do not have these values
reported because they were operated by EPA and were not part of a state monitoring network.

Table5. Filter Extension Study Bias Summary

Statistics
B 9% Diff * % Diff - 64 CY00
Org % Diff % Diff -6 % Diff 10
/ pairs / pairs CY00 QA
Report
NC 1.06/30 0.44/ 28 . . "
cA | -111/29 176/ 26 0 . s .
A
CA 1.19/34 0.28/31 -0.8 (]
WA -5.18/35 -5.45/ 26 -3.0 v
-10
ME 312/24 -2.02/16 15 s
TX -7.99/14 -840/ 13 -12.2 NG GA cA WA ME %
Figure6. Filter Extension Study biassummary

Since the bias results with and without the use of values with concentrations less than 6 pg/nt are fairly
gamilar, the remaining graphics and site summaries will be produced without sample days that had
sample concentrations less than 6ug/m?. Figures 7 through 12 provide bias summaries of the individua
study Stes.

GA Bias Data

CA Bias Data (sample dates with values < 6ug/m3 removed)
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NC Bias Data

(sample dates with values < 6 ug/m3 removed)
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Figure 9. ME biasdata

Figure 10 NC biasdata

Four of the six study sites (Figures 7 through 10) produced bias results that were fairly random,
meaning there did not appear to be a systematic difference between results reported at 48 hours and
those reported at 177 hours. The WA and TX data had the largest bias estimates and the results
gppear to show some systematic bias across dl sampling seasons. However, asisshown inthe
nationa estimates from the CY 2000 QA Report (Table 5) the overdl bias estimates are smilar. Both
the WA and TX steswere within the data quality objective requirements for the PM,, 5 program.
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Figure 11. TX biasdata

Figure 12. WA biasdata
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Sincethe NC and GA dsites operated additiond samplers of varying method designations, we also
evauated the bias at these Sites by method designations to ensure that the method designations bias
results were not being masked (e.g. a postive bias for one method designation balancing out a negative
bias by adifferent method designation.) Similar to the results reported in Figures 7 and 10, the bias
results for each method designation for GA and NC were smilar in percent difference and direction.

— The bias etimates have met
7 the data quality objectives
; for dl stesinvolved in the
sudy. Inaddition, the study
7 o results seem to be
I comparablein direction
_____________ , (positive/negative) and

eee——=m-] UCL

|
-------- &"““r 4] == T T X=-2.18703 percent differenceto state
""" I_f l—----‘-f—-—f I1_J%l% L bias vaues reported in the
. CY 2000 QA Report.
20 o Smilar to the box and
whisker plotsfor precison,
Figure 13 provides a
A T T T T T ummary of thebias
Study Sites estimates by study ste.
Subgroup Sizes: Min n=13 Max n=31 Th|S plot d&) d’](]NS the
Figure 13. Box and whisker plots of bias estimates overdl mean percent
difference as-2.2 % and
demondtrates the influence each study site had on the upper and lower confidence intervas of the mean
percent difference. This evauation reveds that the bias estimates were very consstent within and
between study sites.
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Figure 14 provides a frequency
plot of theindividua percent
differences from dl the stes. 83%
. of these individua comparisons
were withinthe + 10% DQO.
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Figure 14 Cumulative frequency plots of bias estimates
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Supporting Information

Table 6. Michigan Study Experimental Design In_AL_lgUSt and September of .1999 the
Days of Lag before Filter Pick up M|Ch|ga" Department of Environmental
All Filters picked up between 7 and 7:30 a.m. EST Quadlity gaff (courtesy of Mary Ann

Heindorf) ran 4 collocated samplersin
Run Date _Monitor 1 Monitor 2 Monitor 3__Monitor 4 | gnging, M| to determine any influence

8/19/99 1 2 3 4 of sample retrieva times on sample
8/22/99 1 2 3 4 - :

8/25/99 | 5 3 4 concentrations. In this study (see Table
8/28/99 1 5 3 4 6) filters were picked up 7 hrs,_31 hrs,
8/31/99 1 2 3 4 55 hrs and 79 hrs after completion of the
9/3/99 1 2 3 4 sampling event or just shy of 1,234
9/6/99 1 2 3 4 days later. Halfway through the study,
9/9/99 1 2 3 4 the study was repeated keeping the day
9/12/99 1 5 6 7 1 sampleretrieva while the remaining 3
9/15/99 1 5 6 7 itor s filt arieved 4 5. 6
9/18/99 1 5 5 - monitor'sfilters were retrieved & S, 6,
9/21/99 1 5 6 7 and 7 days|ater. Figure 15 provides a
9/27/99 1 5 6 7 graph of the sample concentrations of
9/30/99 1 5 6 7 each monitor for therun detes. Similar
10/3/99 1 5 6 4 to the results of the Filter Extension

Study, these results showed no
sgnificant change in concentrations from afilter retrieva time of 1 through 7 days.

Replicate PM,s Concentrations at Lansing

40
FIRE in Nearby School

35T

Longer Field Aging (5
to 7 days)

—a— Primary

30 + —3—Aging 2 or 5 days

—+—Aging 3 or 6 days

—m—Agng 4 or 7 days
254 gng \2

20 1

Conc., ug/m3

154

10 +

8/19/99
8/22/99
8/25/99
8/28/99
8/31/99

9/3/99

9/9/99
9/12/99
9/15/99
9/18/99
9/21/99
9/27/99
9/30/99

©
Date®

Figure 15. M| Study sample concentration results by sample date.
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Conclusions

Thefilter extendon study used the PM,, 5 data qudity objectives for determining whether increasing the
filter retrievd recovery period from 4 days (96 hours) to 7 days would increase measurement
uncertainty to aleve greater than the DQOs. All study Sites average bias met the DQOs with amean

Filter Extension Study

48--hour vs 177-hour Comparison

©
o

o N ©
© o o
L 4

\\t

5

177-hour Conc. (ug/m3)
A O
o O
&\

N
o

[
o

o

0O 10 20 30 40 50 60 70 80 90
48-Hour Conc (ug/m3)

R-square = 0.987 # pts = 140

y =-0.482 + 1x
Requirement Class | Equivalent 177-Hour Data
Precision 5% 5%
Slope of regression 1+/-0.1 1
Intercept of 0+-1 -0.482
Regression
Correlation >0.97 0.99

Figure 16. Filter Extension Study comparison to CFR
Federal Reference Method criteria

bias percent difference of -2.2% with 95%
confidence intervals of -0.8% to -3.5%. The
study results demondtrate that increasing this
filter retrieva period did not compromise data
quality at the study Sites representing the
ambient ar monitoring program. As mentioned
earlier in this document, even with ardaxation
of this requirement, most samplesin a sequentia
sampler would be recovered within the current
96 hour requirement regardless of the extenson
time alowance. Figure 16 provides one
additional evauation that is related to the Code
of Federad Regulations for establishing Class|
Federal Reference Method (FRM)

equivaency. Although the Filter Extension
study was not set up for establishing the 177-
hour extension asaClass | equivaent method,
in generd, the test meets most of the
requirements needed for the process. Asthe
table in Figure 16 suggests, the 177-hour filter
retrieva methods not only meet the PM, s DQO
criteria, but also meet the more redtrictive Class
| equivalent criteria, using the 48-hour data as
the “reference method” .
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